[Molecular mechanisms for memory formation].
Excitatory synaptic transmission in the central nervous system (CNS) is mediated by the neurotransmitter glutamate and its receptors. Normal synaptic transmission is mediated mainly by alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, whereas N-Methyl-D-aspartate (NMDA) receptors become functional during repetitive synaptic activation. Influx of calcium ions through NMDA receptors into the postsynaptic spine triggers biochemical processes associated with synaptic plasticity such as long-term potentiation (LTP), which is believed to underlie memory formation in the CNS including the hippocampus and amygdala. The increased calcium concentration in the spine activates key enzymes such as calcium/calmodulin-dependent protein kinase II (CaMKII), which eventually results in the enduring modulation of AMPA receptors. Thus, the modulation of NMDA receptor functions plays a critical role in the regulation of synaptic plasticity at the molecular and cellular levels as well as in memory formation at the level of the whole animal. Tyrosine phosphorylation of the NMDA receptors regulates its channel activity and localization of other functional molecules in the spine, such as CaMKII, and genetic modification of tyrosine phosphorylation of the NR2B subunit of NMDA receptors is shown to modulate the ability of some kinds of memory in mutant mice. In future studies, it will be important to detect molecular changes during memory formation in the brain of behaving animals in a more direct way.